Introduction
This article describes the development and architecture of a novel multi-purpose controller. Although the controller is compact, it has high perfonnance and can be 'rewired' to change its functionality.
ZPA are a company based in the town of Nova Paka, in the Czech Republic, and have had many years' experience in the production of automation equipment including monitoring equipment, regulators and control systems. Applications for their equipment varied from the monitoring and control of simple furnaces up to nuclear energy systems. Most of their products were sold directly to end-users and therefore the company's engineers have extensive experience in the application of their equipment. Their customers were mainly within Eastern Europe but also world-wide.
Although the dissolution of Eastern Europe had no effect on export markets,
Central
Unit N P U =tT S after 1989 there was a disintegration within the Czech Republic of the design and development of large energy systems. The company's products were originally based solely on analogue devices. However, the pressure of new competition from Western European producers within Eastern Europe provided the motivation to move to digital technology. With the help of European Funding (Inco-Copemicus: 9630), the company put in place a development programme for a digital control device.
After surveying the market, it was decided that a low-cost compact controller with the following properties was required: several types of input signal; input signal processing; programmable controller structure; user-friendly programming; standard PID control blocks; simple auto-tuning and adaptive features; functionality through different output fonns; serial communications; The design is based on the Philips 8XC552 microcontroller, a stand-alone high-performance microcontroller designed for use in real-time applications, which in addition to the standard 80C51 functions, provides a number of dedicated hardware functions suitable for industrial control applications. The software was designed in modules which allow great versatility in the users' implementation of their control design.
The basic controller
The Zepadig 10 is a programmable controller designed for use in a variety of process control systems. The structure of the hardware, software and user-interface were designed to provide a high degree of functionality. Figure 1 shows the microcontroller and its interfaces to external circuits. The inputs can be processed through either 10-bit or l8-bit AID conversion.
Input/output structure
Voltage, cun'ent, resistance thennometer, resistance transmitter or thennocoupie signals can be processed directly. The controller can provide either a current output in the range 4-20mA, or a voltage output in the range 0-1 Ov. There are also four relay outputs.
Detailed infonnation on the current status of the process can be shown using the displays on the front of the unit. The fmal two interfaces provide methods of communicating with the microcontroller itself. These are a keypad on the front of
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User programming
A software package that could communicate through the serial communication link with the controller was needed. This had to allow the controller to be configured using a user-friendly interface that allowed the engineer to: alter parameters; modify internal (software) connections; apply standard function blocks such as data nonnalisation; apply the controller output to inverse-acting process equipment; select appropriate input type and required signal processing; implement a variety of control structures or algorithms; and input weekly/daily profiles.
The adjustable parameters which configure the above functions within the controller are stored in two tables of 10 x 25 variables, called 'programming tables'. This is effectively a large matrix of data where each data cell can be accessed by choosing a programming table number and a row entry in that table, e.g. P9-23. This allows the connections between internal modules and the adjustable parameters to be programmed in the tables by entering the internal input/output names.
Controller structures
larger modules (with approximate EPROM sizes shown): number displays (5kB); measurements of an input channel (30kB); serial input/output (3kB); nonlinear conversions (3kB); mathematical units (lkB); 3-byte floating point arithmetic ([kB); generation of setpoint signals (5kB); relay controls (2kB); and regulators (lOkB).
The core unit of the controller contains several function block type modules, such as PID or maths blocks. The outputs of these blocks are tenned 'internal outputs', i.e. the signals remain internal to the controller but can be passed as the input to another function block (Figure 2 ). This is achieved by ordering the outputs of all function blocks into a common area of the memory (about 30 variables) which allows them to be passed to other block inputs. It is this access to the internal signals which pennits a variety of control structures to be fonned. the controller, and an RS485 serial communication port. The keypad is used to set, for example, controller parameters in the microcontroller's programming tables. The serial connection port can send/receive data to/from an external device such as a personal computer or a SCADA system. This is also used to allow the control engineer to program the device from a PC, using a specifical- These can also be combined with a variety of function blocks to effect different controller structures such as ratio, cascade and feedforward control. Figure 3 shows some of the basic function blocks within the microcontroller: the circles represent 'internal output' signals which are represented by an associated number (here indicated by 03 to 08). The input signal channels (11-12, 16-115) can access any internal output signal by simply writing the appropriate internal output number in a location in the programming tables. For example, to display output 4 on the lower display, digits '004' would be inserted into the programming table space associated with input 2. Obviously this provides some versatility in terms of displaying various input signals, but it also permits a wide range of controller structures to be implemented.
The blocks labelled 'Ax+B' apply a linear equation to the input x according to the associated values of A and B stored in the programming tables.
Example 1: Standard PID single-input single-output control loop
This can be achieved by using the function blocks in many ways, for example see Figure 3 . 
Use of
Example 2: Ratio control
Consider the example of a blending operation, Figure 4 , where we have to control the ratio of stream A to stream B. This can be achieved in either of two ways; firstly by actually calculating the ratio (A/B) within the feedback loop by the use of the maths block to perform the division. However, to ensure that the gain remains linear within the feedback loop, it is customary to remove the division from the feedback 100p7.8. In which case stream A is multiplied by a gain (the desired ratio) to provide a flow set point for the (now) flow controller. This can be implemented simply by using two input channels, 110 and 112, for the measured inputs and programming the 'Ax+B' on the input to 112 with the desired ratio in A (and B set to zero).
Example 3: Cascade control Figure 5 shows a diagram containing a typical cascade controller, with processes indicated by G_v and G_p. The inner loop controlIer typical1y controls a valve, G_v, and the set point for this controlIer is determined by the outer controller. This would be achieved by connecting in software the output of PID module 1 to one of the inputs of another PID module (not shown in Figure 3) . In this way, the two PID controllers are used to control the process variables, PVl and PV2. The actual microcontroller output is shown on the diagram.
Industrial application: boiler control
A typical boiler control loop is shown in Figure 6 . The aim is to control the water level in the drum by manipulating the feedwater supply. However, the inclusion of feedforward from the steam flow-rate measurement improves the performance of the control process. The outputs from PID blocks 1 and 2 (outputs 11 and 25) represent the manipulated variables. PID block I controls the valve on the flow of water into the superheating section. PID block 2 controls the feed water supply through a system of relay circuits with comparators. The Zepadig 10 controller was also used by ELES Kaplice, Czech Republic, to control all the boiler loops with one controller. PID block 1 was used for steam pressure control; the steam temperature control used PID block 2; and the air-fuel ratio was controlled using the math block 2 and one of the controller relay outputs.
Industrial application: distillation column
This example (Figure 7) shows how one Zepadig controller was used to control the steam heating circuit, liquid level and pressure within a distillation column. The steam heating circuit uses a combination of pressure and temperature measurements through a math block as input to a standard PID block. Level control is achieved using a set of relays on the output valve. The pressure in the column is also controlled from a PID block operating a set of relays. The algorithms were coded within the microcontroller as a function block whose output overwrites the parameters of PID block I. The particular controller algorithm to be used can be chosen by using the programming tables.
General comments
Although within the Czech Republic no other company produces a similar controller, the market there is open to world-wide competition. Many companies offer industrial controllers and therefore a competitive environment exists.
It has been noted that potential users spend a long time deciding between the different controllers, based on their functionality and price.
The ease of using the Zepadig 10, combined with its price and functionality, has led to its purchase by many industrial companies. Technical support is also offered, especially for small companies who use the controller in a variety of applications. There has been general resistance to the use of adaptive control and this will have a bearing on future developments.
Summary
This article has described the development of a compact digital controller. The move from analogue to digital permitted greater functionality within the one controller. A modular software design has pelmitted greater flexibility and functionality to be offered to the customer. The simple method of configuration using the programming tables has contributed to the ease of use and ready acceptance in industry. Today the controller is being used successfully in a variety of process control applications.
